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PoultryAbstract The nutritive value of raw and processed rubber seed meal (Hevea brasiliensis) was inves-
tigated by considering the following parameters – proximate composition, gross energy, mineral
composition and anti-nutritional factors. The raw and processed seeds were dried, milled and chem-
ically analysed. Crude protein contents of the raw and processed rubber seeds ranged between
21.08% and 24.60%, while the crude fibre values ranged between 4.47% and 5.88%. The gross
energy content for the raw had significantly (P< 0.05) higher values than the processed. Mineral
content (macro and micro) of seeds boiled was significantly (P< 0.05) higher than other processing
methods. Also, seeds boiled had significantly (P< 0.05) lower values in all anti-nutritional factors,
with hydrogen cyanide and trypsin inhibitor completely destroyed by both boiling and toasting.
With high value of crude protein (24.60%), appreciable energy content (2.32 MJ/kg), highest value
of macro and micro minerals and significantly lower values in all the anti-nutritional factors for the
seeds boiled, boiling is therefore recommended for usage in livestock and poultry ration.
 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Livestock and poultry farmers, especially those in Nigeria and
neighbouring countries are faced with the problems of contin-
ual inadequacy of feedstuffs. This has been blamed on the ris-
ing needs of man for the same livestock/poultry feedstuffs for
his food and industrial raw materials use (Duruma et al.,2006). This has led to escalating cost of conventional feedstuffs
(maize, soya bean, groundnut, etc.) resulting in feed cost being
70–80% of the total cost of production (Akinmutimi, 2007).
The result of high demand and rising costs is scarcity; thus,
farmers are unable to meet the feed requirements of live-
stock/poultry. Consequently, they are forced to close their
farms or run at a very low level of stock (Duruma et al.,
2006). The overall effect of the above is shortage of animal
protein production and hence shortage of animal protein
intake due to scarcity and high cost of animal products
(Akinmutimi, 2007).
There is therefore the need to source for an alternative feed-
stuff that is cheap, available and less competed for by man and
industry (Akinmutimi, 2004a). One of the envisaged alternativeicultural
Table 1 Proximate composition of rubber (Hevea brasiliensis)
seed.
Proximate composition Raw Boiled Toasted SEM
DM 96.91a 85.40c 93.63b 0.572
CP 23.31b 24.60a 21.08c 0.064
EE 38.47a 23.13c 32.57b 0.016
CF 5.88a 4.47b 4.95b 0.015
Ash 3.77c 4.68a 4.57a 0.015
NFE 38.58ab 37.40b 38.73a 0.030
GE* (MJ/kg) 2.88a 2.32c 2.58b 0.004
a, b, and c means on the same row with different superscripts differ
significantly (P< 0.05).
* Calculated.
Table 2 Mineral composition of raw, boiled and toasted
Rubber (Hevea brasiliensis) seed (Mg/kg).
Mineral Raw Boiled Toasted SEM
Sodium (Na) 63.70b 70.70a 62.50c 0.119
Potassium (K) 1864b 12755a 11760c 1.555
Calcium (Ca) 1740b 1906a 1687c 1.555
Phosphorus (P) 2187b 2277a 2093c 1.500
Magnesium (Mg) 2066b 2217a 2024c 1.190
Iron (Fe) 67.70b 69.70a 65.80b 0.100
Copper (Cu) 17.70a 17.80a 16.80b 0.119
Zinc (Zn) 27.00b 28.80a 25.50b 0.155
Manganese (Mn) 32.70b 35.40a 30.30c 0.141
a, b, and c means on the same row with different superscripts differ
significantly (P> 0.05).
2 M.D. Udo et al.feedstuff is rubber seed (Hevea brasiliensis) (Delabarre and
Serier, 2000; Iyayi et al., 2008; Sovanno, 2002).
The rubber tree is cultivated in Nigeria on an estimated
185,000 ha with seed collection of about 10,175 tonnes/year
(Njwe et al., 1988). The rubber seed is rich in oil which con-
tributes up to 41.2% of total weight (Njwe et al., 1988).
Traditionally, rubber seeds were used primarily as planting
materials. The present trend towards propagating or selected
clones by grafting, however, has led to surplus of rubber seeds
(Agunbiade et al., 1995). These surpluses rather than being a
waste could be utilized as feeding stuff for livestock and
poultry.
This article reports on the influence of processing methods
namely, boiling and toasting on the nutritive value of rubber
seed meal. However, there is paucity of information on the
processing of rubber seed.
2. Experimental procedure
2.1. Materials
Rubber seeds (H. brasiliensis) were procured from Palmol
rubber plantation in Cross River State of Nigeria. The seeds
were dark brown with black strips of various sizes and
dimensions. Raw rubber seeds (one kilogramm) were
dehulled and the nuts subsequently milled to obtain raw rub-
ber seeds meal. Triplicate samples were later taken for labo-
ratory analysis.
2.2. Processing methods
2.2.1. Boiling
One kilogramm of raw rubber seeds was introduced into cook-
ing pot whose water has attained boiling temperature (100 C).
The content was allowed to boil for 30 min before the seeds
were descanted. The boiled seeds were sun dried for seven
days. The product was then dehulled and the nut milled as
boiled rubber seed meal. Triplicate samples were also taken
for laboratory analysis.
2.2.2. Toasting
One kilogramm of raw rubber seed was toasted in a garri fry-
ing pot for 30 min. The product was dehulled after cooling and
the nut milled and used as toasted rubber seed meal. Triplicate
samples were taken for laboratory analysis.Please cite this article in press as: Udo, M.D. et al., Eﬀects of processing on the nutrie
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The raw, boiled and toasted rubber seed meals were analysed
for proximate composition using AOAC (2000) procedure.
The gross energy of the samples was determined using the
methods provided by McDonald et al. (2011). The mineral
content of the milled raw, boiled and toasted rubber seed meal
was determined by the dry ash extracted method (Onwuka,
2005). Phosphorus was determined by the Vanadomolybdate
(yellow) spectrometry as described by James et al. (2008).
Calcium and magnesium content of samples was determined
by the Versanale EDTA complexometric titration (Pearson,
1976). Potassium and sodium in samples were determined by
flame photometry (Junsomboon and Jakmunee, 2011).
Determination of hydrogen cyanide, trypsin, tannin, sapo-
nin, phytic acid and oxalate was carried out using the method
of Onwuka (2005), Arntfield et al. (1985), Pearson (1976),
Wheeler and Ferrel (1971) and AOAC (2000).
2.4. Statistical analysis
Data collected were subjected to analysis of variance proce-
dure as described by Steel and Torrie (1980). Significant means
were separated using Duncan’s Multiple Range Test (Duncan,
1955).
3. Results and discussion
3.1. Proximate composition of rubber seed
The proximate composition of raw, boiled and toasted rubber
seed (RS) (H. brasiliensis) is shown in Table 1. All the param-
eters observed in this study were significantly (P< 0.05) dif-
ferent between the raw and the processed seed.
The raw seed has a crude protein (CP) content of 23.31%,
while boiled and toasted values were 24.60% and 21.08%
respectively. These values fell within the values recorded by
earlier workers (Stosic and Kaykay, 1981 = 28%;
Babatunde and Pond, 1988 = 28.3%; Hao and Liem,
2003 = 30%; Eka et al., 2010 = 17.4%). Though the crude
protein reported in this study is lower than the one reported
for mucuna seed (30.60%), groundnut (34.88%) and soya bean
(38–43.06%), it is higher than the crude protein of lessernt composition of rubber seed meal. Journal of the Saudi Society of Agricultural
Table 3 Anti-nutritional factors in raw, boiled and toasted
rubber (Hevea brasiliensis) seed.
Parameter Raw Boiled Toasted SEM
Phytate% 0.51a 0.26c 0.33c 0.002
Oxalate% 0.18a 0.12c 0.14b 0.001
Tannin% 0.07a 0.02c 0.04b 0.001
Saponin% 0.76a 0.42c 0.56b 0.002
Hydrogen cyanide (HCN) 24.89a 0.00b 0.00b 0.009
Trypsin inhibitor (Tiu/Mg) 18.87a 0.00b 0.00b 0.012
a, b, and c means on the same row with different superscripts differ
significantly (P< 0.05).
Nutrient composition of rubber seed meal 3known legumes, lima beans (21.50%), Canavalia plagiosperma
(24.21%), and pigeon pea (23.15–25.31%) (Ukachukwu and
Obioha, 2000; Akinmutimi, 2004a,b; Ahamefule, 2005;
Odoemelam and Ahamefule, 2006; Ukpabi, 2007). The range
reported indicates potential of rubber seed meal as a good pro-
tein source. The trend in this study showed that the boiled
sample has the highest value. The dry matter (DM) content
was 96.91, 85.40 and 93.63 respectively for raw, boiled and
toasted RS. The DM of raw (96.91%) in this study is higher
than the DM of Sphenostylis stonocarpa seed (85.55–89.10%)
reported by Anya (2012), but the range values for sphenostylis
were comparable with the dry matter content of boiled RS.
The ether extract of the raw, boiled and toasted rubber seed
was 38.47%, 25.13% and 32.57% respectively.
These values are comparable to the reported values of
37.30–50% (Ukpebor et al., 2007; Oyekunle and Omode,
2008), and lower than 68.53% reported by Eka et al. (2010).
The ether extract content of rubber seed was higher and above
the values of other alternative protein such as velvet bean
(9.61%), pigeon pea (2.33%), sword bean (2.94%), and
mucuna Cochinchinensis (4.52%) (Ukachukwu, 2000;
Akinmutimi, 2004b; Ahamefule, 2005). The high content of
feeds could be overcome through extraction of oil before being
used in compounding feeds (Ahamefule, 2005) or by the addi-
tion of antioxidants (Anya, 2012). The crude fibre (CF)
obtained for raw, boiled and toasted RSM was 5.88%,
4.47% and 4.95% respectively. These values are in consonance
with the reported values of 4.0% (Njwe et al., 1988) and 4.7%
(Sovanno, 2002). Fibre is important in the diet of farm animals
and acts as diluents (Oke et al., 2007) and some level of fibre
enhances proper bowel movement (Odoemelam and
Ahamefule, 2006). The nitrogen free extract (NFE) for pro-
cessed rubber seeds (raw, boiled and toasted) ranged from
37.40% to 38.73% with toasted showing a higher value of
38.73%. Their values were higher than the NFE values
obtained for conventional protein source such as soya bean
meal (28.60%) and groundnut cake (23.84%) (Olomu, 1995),
which implies total digestible nutrient (Akinmutimi, 2004b).
Raw, boiled and toasted rubber seed meal gross energy stands
at 2.88 MJ/kg, 2.32 MJ/kg and 2.5 MJ/kg respectively. These
values are comparable to 4.70% reported by Anon (1964)
for rubber seed. These values are compared favourably with
those of some alternative protein sources such as lima beans
(4.12 kcal/g), velvet bean (4.49 kcal/g), canavalia spp.
(4.48 kcal/g), castor oil seed (5.93 kcal/g), and linseed cake
(5.2 kcal/g) (Ahamefule, 2005; Akinmutimi, 2007). This sug-
gests that rubber seed is a good energy supplement.Please cite this article in press as: Udo, M.D. et al., Eﬀects of processing on the nutrie
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Table 2 shows the result of mineral composition of raw and
processed rubber seeds. There were significant (P< 0.05) dif-
ferences between the raw and the processed seeds. For macro
minerals (Ca, K, and P), seeds boiled had a higher value that
was significantly (P< 0.05) different from both raw and
toasted seeds. The value for sodium and magnesium followed
similar pattern in that boiled seeds had the highest value. For
micro minerals, the result followed similar pattern like that of
macro minerals in that the seeds subjected to boiling had the
highest value for Fe, Cu, Mn, and Zn. These values reported
were higher than reported values for conventional and alterna-
tive sources of feedstuff such as soya bean, groundnut, canava-
lia spp, mucuna bean, velvet bean, lima bean and Sphenostylis
stenocerpa (Ahamefule, 2005). These are indications of high
biological value of rubber seed as feed for poultry livestock.
3.3. Anti-nutrients in rubber seed meals
Table 3 shows the results of anti-nutritional factors present
both in raw and in processed seeds. Presence of anti-
nutritional factors such as phytate, oxalate, tannin, saponin,
hydrogen cyanide and trypsin inhibitor was reported.
Generally, processing significantly (P< 0.05) reduced the
anti-nutritional factors. This is in agreement with the report
of Akinmutimi (2007) who reported similar trend for velvet
beans (Mucuna pruriens) subjected to different processing
methods. The phytate content ranged from 0.51 in raw to
0.33 in toasted and 0.26 in boiled. It is pertinent to deduce that
boiled seeds had significantly (P< 0.05) lower phytate and
were better detoxified compared to other processing methods.
The range of phytate from 0.264 to 0.510 for rubber seeds
obtained in this study is lower than the values (0.682–
0.719%) reported for African yam bean (Anya, 2012) but
higher than 0.08% reported in another research with African
yam bean (Tuleun et al., 2008). Oxalate content ranged from
0.12% in boiled, 0.14% in toasted to 0.18% in raw. The avail-
ability of compound in both raw and processed rubber seeds is
an indication that processing had little effect on reducing the
content of oxalate in rubber seed. Report of Kumar (1991)
showed that oxalates are degradable by the rumen microbes
into carbon dioxide (CO2) and formic acid, and that ruminants
can adapt to high oxalate diets with minimal problems.
However, Banualin et al. (1980) maintained that oxalate may
limit the calcium availability in a diet. Tannin values showed
that boiled seeds had the lowest value (0.02), followed by
toasted (0.04) while raw had the highest value of 0.07. The
result in this study showed that the values were lower than
the values reported for Canavalia plagiosperma (0.465%)
(Odoemelam, 2005) and Mucuna pruriens (0.80%)
(Akinmutimi, 2007). The result showed that boiled seeds were
better detoxified compared to raw and dry heat treatment
(toasted). Boiling has been found to reduce the anti-
nutritional factors and thereby enhance the nutritional value
of plant (Medugu et al., 2012). Ogundipe et al. (2008) reported
that 71.91% tannin content was destroyed after 30 min of boil-
ing. This method of boiling was also adopted for saponin
detoxification which also reduces its content significantly.
Saponin values for raw, boiled and toasted were significant
(P< 0.05) with a value ranged from 0.42% (boiled), 0.56%nt composition of rubber seed meal. Journal of the Saudi Society of Agricultural
4 M.D. Udo et al.(toasted) to 0.76% (raw). Saponins are associated with bitter
taste and reduced the palatability of livestock feeds. Since
the saponin content of boiled and toasted is lower than the
raw, it signifies good detoxifying methods. This assertion is
in line with other reports of Joshi et al. (1989) and Anya
(2012) on African yam bean. The raw seed contains (24.89)
HCN which is significantly (P< 0.05) different from the pro-
cessed one (boiled and toasted) that showed zero values or
HCN. The zero result obtained in this study for HCN is in line
with the report by Ogunka-Nnoka and Mepba (2008) that free
and bound cyanide are water soluble and may be leaching out
during boiling. The report is also in line with the report of
Offiong and Olomu (1990), that anti-nutritional factors are
heat liable. This study recorded high value (18.87%) of trypsin
inhibitor in raw seed and zero value for the processed seeds.
The effect of processing was significant (P< 0.05). This result
agrees with report of Akinmutimi (2007) who reported a 100%
reduction in trypsin inhibitor when subjected to heat treat-
ments. The author reported that the implication of 100%
reduction in trypsin inhibitor was that protein digestibility will
not be hampered when heat treated seeds are fed to livestock
and poultry.
4. Conclusion
With appreciable value of 24.60% for crude protein, compara-
ble energy value (2.32 MJ/kg), better values for both macro
and micro minerals and the highest percentage reduction in
all the anti-nutritional factors for the seeds, boiled seeds are
therefore recommended.
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